Abstract. We studied the relationship of adult body height with five cognitive outcomes (executive functioning, semantic categorization, attention/working memory, episodic memory, and an overall cognition measure) in 897 cognitively normal elderly with type 2 diabetes. Regression analyses controlling for sociodemographic, cardiovascular, and diabetes-related risk factors and depression demonstrated that in males, shorter stature was associated with poorer executive functioning (p = 0.001), attention/working memory (p = 0.007), and overall cognition (p = 0.016), but not with episodic memory (p = 0.715) or semantic categorization (p = 0.948). No relationship between height and cognition was found for females. In cognitively normal type 2 diabetes male subjects, shorter stature, a surrogate for early-life stress and poor nutrition, was associated with cognitive functions.
INTRODUCTION
In the absence of disease-modifying treatments for dementia and cognitive decline, there is a demand to understand the etiology of the disease from a prevention perspective. Risk factors examined in the years prior to dementia ascertainment may be contaminated by the imminent dementia process itself. However, midlife risk factors for dementia, which are measured decades before dementia diagnosis, also do not fully predict the disease [1] . This may suggest that childhood factors may contribute to this group of neurodegenerative diseases [2] . Adult body height, although affected by genetics [3] , is a surrogate for early life illness, stress, and poor nutrition [3] , and has been associated with adult cognitive performance [4] [5] [6] ; and in some studies, with Alzheimer's disease (AD) and vascular dementia [7] [8] [9] . Anthropometric measures associated with height, including head circumference, leg length, knee height, and arm span have also been found to be related to adulthood cognition [15] [16] [17] [18] [19] . Head circumference in particular may be an indicator of brain reserve, as well as childhood deprivation and lower education attainment, which may impact later-life cognitive functioning [15, 16] . Height is also associated with cardiovascular disease [10] and type 2 diabetes (T2D) [11, 12] . These conditions, in turn, are associated with dementia [13, 14] .
Height has been associated with both T2D [20] and cognition [4] [5] [6] [7] [8] [9] , and T2D has been associated with early life conditions [21] . However, the relationship between height and cognitive function in T2D has not been investigated, and there is very limited information about the relationship between height and specific cognitive domains. We thus examined this relationship in a large cohort of T2D elderly participating in the Israel Diabetes and Cognitive Decline (IDCD) study, an investigation of the relationships of long-term T2D-related characteristics with cognitive decline. The study is a collaboration between the Icahn School of Medicine at Mount Sinai, NY, the Sheba Medical Center, Israel, and the Maccabi Healthcare Services (MHS), Israel.
METHODS
The study is based on the baseline assessments of the IDCD study [22, 23] , which has as its primary goal to identify characteristics within T2D, that increase the risk of cognitive decline and dementia. Participants in the IDCD study were randomly selected from the approximately 11,000 T2D individuals in the MHS Diabetes Registry, maintained since 1998 [22] . The design and rationale of the IDCD has been described in detail elsewhere [22] [23] [24] . Briefly, participants included in the study had confirmed T2D, were initially cognitively normal (based on a Clinical Dementia Rating scale [25] score of zero and a multidisciplinary consensus conference), were above the age of 65, lived in central Israel, were fluent in Hebrew, had at least one informant, did not have any neurological or psychiatric conditions potentially affecting cognition (e.g., schizophrenia, stroke), and had at least two HbA1c assessments. The IDCD has recruited 1,288 subjects, of which 8.5% (110 individuals) refused to participate and 21.9% (282 individuals) were excluded by eligibility criteria [the vast majority (86%) due to cognitive impairment]). The remaining 897 completed a baseline evaluation. The IDCD study is approved by the Mount Sinai, Sheba, and MHS IRB committees.
Participants were assessed by a physician experienced in assessment and diagnosis of dementia and by a neuropsychologist, who administered a broad neuropsychological battery [22] [23] [24] , which was the basis for the outcome measures. Factor analysis summarized the neuropsychological measures into four domains: episodic memory (immediate recall, delayed recall, and recognition), executive functioning (Trails A and Trails B, constructional praxis, and digit symbol), semantic categorization (similarities, letter fluency, category fluency), and attention/working memory (diamond cancellation, digit span forward, and digit span backwards). The neuropsychological tests scores were transformed into Z scores (reversed if necessary so that high represented good cognition) and summed for each domain. An overall cognition measure summed the scores of all four domains.
Regression analyses including all participants, and subsequently stratified by sex, controlling for sociodemographic (years of education, age, region of birth), cardiovascular (total, LDL, and HDL cholesterol, triglycerides, creatinine, and hypertension), depression (Geriatric Depression Scale positive answers), and T2D characteristics (time in the MHS diabetes registry [an approximation of duration of T2D], hemoglobin A1c [HbA1c], and T2D medications) that are associated with cognition, were performed to examine the associations of height with the cognitive domain and overall cognition. An interaction analysis including males and females, controlling for all covariates, tested a sex difference in the effect of height on cognition. We also performed sex-stratified analyses of covariance (ANCOVA) for the quartiles of height, to estimate means of the cognitive measures controlling for the same covariates, and tested the linear contrasts. Finally, we performed general linear models with and without interaction terms to determine how stature modifies the association of risk factors with cognitive performance. The extent of the interaction of height (in quartiles) with groups of demographic, cardiovascular, and diabetes risk factors on cognition-we chose to use groups of risk factors rather than each risk factor singly to refrain from a large number of multiple comparisons-was assessed.
Height was measured with the subject standing barefoot, to the nearest centimeter, by a study physician. For the cardiovascular and HbA1c covariates, we used the average of all the subject's measurements available in the MHS Diabetes Registry.
RESULTS
Characteristics of the sample, stratified by sex and by their respective height quartiles, are presented in Table 1 . For males, years of education increased with increasing height, and age decreased by increasing height. There were no significant differences between height quartiles for females, on demographic, cardiovascular, diabetes, or depression variables. In this sample, males had significantly more years of education (p = 0.009, mean difference 0.62 years), and depressive symptoms (p < 0.001, mean Table 1 Demographic, cardiovascular, and diabetes characteristics of the male and female samples Middle East/Africa/Asia To assess the contribution of sex to the relationship between height and cognition, interaction analysis including males and females, controlling for all covariates, was used to evaluate a sex difference in the effect of height on cognition. There was a significant interaction between sex and height for overall cognition (␤ = −0.205, t(825) = −1.96, p = 0.050) and semantic categorization (␤ = −0.220, t(825) = −2.04, p = 0.041, but not executive functioning (␤ = −0.147, t(824) = −1.36, p = 0.175), episodic memory (␤ = −0.160, t(825) = −1.28, p = 0.200) or attention/working memory (␤ = −0.091, t(825) = −0.77, p = 0.443). As a sex interaction was not originally hypothesized, screening for this interaction has poor power so p-values even as large as 0.20 may suggest that the effect of height on cognition differs depending on sex [26] .
To further evaluate sex differences in the association of height with cognition, sex-stratified linear regression analyses were run, controlling for socio-demographic, cardiovascular, depression, and T2D covariates, stratified by sex. Results showed that for males, height was significantly associated with attention/working memory (␤ = 0.096, t(493) = 2.271, p = 0.024), executive functioning (␤ = 0.133, t(493) = 3.52, p < 001), and overall cognition (␤ = 0.108, t(493) = 2.93, p = 0.004), but not with semantic categorization (␤ = 0.045, t(493) = 1.17, p = 0.244) or episodic memory (␤ = 0.038, t(493) = 0.86, p = 0.393).
However, for females, height was not significantly associated with any of the cognitive functions; attention/working memory (␤ = 0.075, The estimated means adjusted for the covariates for quartiles of height, and the results of the ANCOVAs and linear regressions are shown in Table 2 . Results were very similar to those found in the regression analyses such that the means of cognitive functions increased (i.e., were better) with increasing height quartiles for males.
Within males, general linear models were used to determine that height modified the relationship of demographic factors (age, years of education, and area of birth) with overall cognition (F(9,500) = 2.52, p = 0.017) and executive functioning (F(9,500) = 1.93, p = 0.046). We performed additional general linear model analyses to identify the specific demographic risk factor that was modified by height. We found that height modified the relationship of years of education with overall cognition (F(3,491) = 3.162, p = 0.024), executive functioning (F(3,491) = 3.257, p = 0.021), and episodic memory (F(3,491) = 2.958, p = 0.032). Partial correlations within quartiles of height were performed for descriptive purposes ( Table 3 ) and showed that the association of education with cognition is stronger in the shorter stature groups.
DISCUSSION
In this sample of elderly with T2D, for males, shorter stature was associated with lower overall cognition, attention/working memory, and executive functions after controlling for sociodemographic and a broad range of cardiovascular and diabetes risk factors. No relationship between height and cognition was found for females. Supporting our results, several studies have found shorter stature to be associated with higher risk of cognitive compromise (relationship found in males only [4] ; relationship found in both males and females [5, 6] ), including AD and vascular dementia [7] [8] [9] .
Shorter adult height is associated with smaller head circumference, which is associated with poorer cognitive reserve [18] and cognitive performance [16] . Shorter adult height and smaller head circumference may be consequences of childhood malnutrition and/or stress [3, 27] . Prenatal conditions have been found in some studies to disproportionally impact the health 932 Table 2 Linear regression and ANCOVAs of height quartiles with cognition and mortality of males [28] [29] [30] [31] , leading to lower birth weights and higher rates of early life illness; thus height may be a better indicator of early life conditions for males than for females. Childhood stressors may predispose individuals to poorer physical and mental health [27] and may impact brain growth, limiting brain and cognitive reserve [6] . Cognitive and brain reserves allow individuals to preserve normal functioning even when brain degeneration is occurring. If shorter stature reflects poorer reserve, then clinical symptoms might develop earlier in shorter individuals. Further, overall years of education, early education, and linguistic ability promote cognitive reserve [32, 33] , and lower education and linguistic ability are associated with height, likely due to malnutrition, socioeconomic conditions, and stress [27] . Within males, we found that the correlation of years of education with all cognitive domains was consistently smaller in the highest quartile of height than in the shorter three quartiles. Stature appears to modify the association between cognition and years of education, such that education is not as strongly associated with cognition in the tallest males. This suggests that in the tallest male, early childhood conditions which may have provided the opportunity for greater height, may have also contributed to greater cognitive reserve-the latter may overcome the contributions of age or education to cognitive performance.
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Poor prenatal and early childhood conditions which may impact height are also likely to increase the risk of numerous health conditions, including T2D [34, 35] which has consistently been associated with dementia and AD [14] . The IDCD is focused on T2D patients only, so it was not possible to investigate whether low stature interacts with T2D status to affect deleteriously cognition. Further, there could be a genetic predisposition to cognitive impairment or dementia shared by low stature individuals that could explain this relationship.
Our study innovates by showing that height is associated with cognitive performance in T2D males, and that this relationship is apparent even within the range of normal cognitive function. Further, this study examines the relationship of height with specific cognitive domains. To our knowledge, only two other reports [36, 37] have examined the relationship between height and specific cognitive domains, none of them in the context of T2D. These studies have found low stature to be associated with poorer overall cognition and executive functioning [37] , similarly to our findings, but in contrast to our findings, also with semantic categorization [36] , diabetes status unknown. Consistent with our results, episodic memory, the primary cognitive domain involved in AD [38] , was not found to be associated with height [36, 37] . However, neither report found a relationship between attention/ working memory and height, as we have found. In the context of aging with T2D, where small vessel disease is common, low stature may be associated with accelerated development of cerebrovascular disease [39] , which in turn, has been consistently associated with non-episodic memory cognitive functions such as poor executive functions and attention/working memory [38] , even after controlling for cardiovascular risk factors [40] suggesting that vascular mechanisms may be contributing to the relationship of height with cognition in T2D.
Our study has limitations. The outcomes are crosssectional, with cognition assessed at a single time point. Neuroimaging or other indicators, such as genetic information, that could shed light on the contribution of height to cognition in T2D was not available. IQ was not collected as a part of this study; IQ could provide greater understanding of the contribution of stature to cognitive premorbid function. This study is strengthened by a large sample, with strong validity for T2D diagnosis and for cardiovascular variables, and a broad cognitive assessment, permitting examination of global and specific cognitive domains.
